Salinity is the major environmental factor limiting plant growth and productivity (Allakhverdiev et al., 2000b) . Saline water management requires that species and salt tolerant varieties should be identified (Rhoades et al., 1992; Minhas, 1996) . This identification has been derived by classifications based on the relationship between yield reduction and other variables such as soil salinity (Ayers and Westcot, 1985; Francois and Maas, 1994) , relative transpiration (Stewart et al., 1977) , plant water status indicators (Katerji et al., 2000) , and water use efficiency (Katerji et al., 2003) . Crop salt tolerance information is abundant in the literature. An abundance of data exists for the whole plant salt tolerance as a function of root-zone average salinity (Maas and Hoffman, 1977, Steppuhn et al., 2005a) . Nevertheless, the accuracy of many of the data is questionable. In general, the data does not include information about soil and other environmental factors which are known to affect root water uptake and, thus, crop salt tolerance. Besides changes in solute concentrations, many other crop-environment interactions may cause variations in salinity-yield relationships, such as those involving temperature, radiation, humidity, atmospheric pollutants, wind, soil fertility, soil water content. ( Chaali et al., 2013) . Salinity stress biology and plant responses to high salinity have been discussed over two decades (Flowers et al., 1977; Greenway and Munns, 1980; Ehret and Plant, 1999; Hasegawa et al., 2000; Zhu, 2002 ) and it has been over a decade since salinity tolerance in marine algae has been covered (Kirst, 1989) .
Accumulation of salts in root zone affects plant performance through the development of a water deficit and the disruption of ion homeostasis (Zhu, 2001; Munns, 2002) . These stresses change hormonal status and impair basic metabolic processes (Loreto et al., 2003; Munns, 2002) resulting in inhibition of growth and reduction in yield (Maas, 1993; Prior et al., 1992; Paranychianakis et al., 2004a) . Depressed photosynthesis has been suggested to be responsible for at least part of the growth and yield reduction (Prior et al., 1992; Munns, 2002) . Despite the vast number of studies dealing with the impacts of salinity on photosynthesis of horticultural crops, most of them fail to quantify the nature of photosynthetic limitations. Stomatal closure, arising from the osmotic component of salinity, has been reported to be primarily responsible for photosynthesis inhibition in some studies (Paranychianakis et al., 2004b; Ban˜uls and Primo Millo, 1995) . Maas and Hoffman (1977) suggested that their values of salinity threshold and slope of the yield reductions can be used only as a guideline and that the absolute tolerance of crops to salinity may vary with climate, cultural practices and soil conditions.
The objective of this study was to determine the salinity threshold values and slope of the yield reductions for crops of wheat, barley and maize for an arid region using different irrigation water salinities.
MATERIAL AND METHOD

Study Area
Field data were collected in irrigation network of Garmsar District (52 ae% C and 10.7 ae% C to 39.7 ae% C, respectively. The soils of the study area is mainly clay loam with electrical conductivity of 6 dS m -1 . In this research the SWAP model was used to simulate actual crop yields under different irrigation water salinities for the study area. Then, salinity threshold values and slope of the yield decrements were determined using simulation results.
SWAP Model
Soil, Water, Atmosphere and Plant (SWAP) has been used in this study due to its versatility. Initially, SWATR a one dimensional model was developed by Feddes et al. (1978) to describe transient water flow in the heterogeneous soil root system under the influence of groundwater. It is designed to simulate unsaturated flow, solute transport, heat flow and crop growth in the soilplant-atmosphere environment at the field scale. The model applies Richard's equation (Equation (1)) for soil water flow in the soil matrix described as below:
...(1)
Where q= the soil water (cm 3 cm -3
), h = the pressure head (cm), K = the unsaturated hydraulic conductivity (cm d -1 ), z = the soil depth taken positive upwards (cm), C = the water capacity (d/ dh) (cm -1 ) and S a = the sink term (cm 3 cm -3 d -1 ) Salt transport is described with the convection-dispersion equation (Equation (2) ... (2) Where q = water flux density (cm day -1 ), C = salt concentration (mg cm -3 ), and L dis = dispersivity (cm).
SWAP provides three different submodels for purpose of simulation crop growth i.e. (a) detailed crop growth, (b) detailed grass growth and (c) simple crop growth. In this study detailed crop model was used. The main crops of the study site are mainly wheat, barley and maize. The input data of SWAP model for simulation are climate data, crop, soil, irrigation and boundary conditions. In order to perform simulation studies, SWAP model was calibrated using crop parameters to achieve potential yields of regional crops. To verify the validity of model for some of the crops, the measured actual yield of some crops for periods of 1998-2007 of Garmsar region were collected and were compared with the model simulated data. To evaluate the level of difference between the observed and simulated data, the Root Mean Square Error (RMSE) was computed as:
.
..(3)
Regression Model
After calibrating and evaluating the SWAP model for each individual site (village), and observing the satisfactory results, then the model was run for each crop using the average irrigation water depth of that individual site for irrigation water salinities of of 2, 4, 6 and 8 dS m -1 and the actual yields and soil salinities were determined. Then, yield reductions versus soil salinities were evaluated and the salinity threshold values and slope of the yield reductions were determined using linear regression.
Linear yield decrement due to soil salinity was determined as follows (Maas and Hoffman 1977) : Yr = 100 -B (ECe -A) ...(4) where = the relative yield (%), A = the salinity threshold value above which a yield decrement occurs (dS m -1 ), B = the slope of the 
RESULT AND DISCUSSION
Calibration and Validation
The SWAP model was calibrated for the crop parameters by inverse modeling as shown in Table 1 . In Table 1 , TSUMEA, TSUMAM, RGRLAI, Sla and Amax represents sum of temperature from emergence to anthesis, sum of temperature from anthesis to maturity, maximum relative increase in LAI, specific leaf area and Amax maximum CO2 assimilation rate, respectively. After calibration of the model for the crop parameters, then, these values were kept constant and the model was validated for whaet, barley and maize crops.
In order to evaluate the validity of the model, statistical indices such as determination of coefficient (R 2 ) and root mean square error (RMSE) were calculated for the years of 1998 to 2007 for 91, 90 and 82 study sites for wheat, barley and maize, 2 and low values of RMSE show that SWAP model is able to predict yield with good degree of accuracy for all three crops of wheat, barley and maize. As an example, for the year of 1998, the simulated yields versus the actual yield for wheat, barley and maize are shown in figure 2 which indicate that the simulated yields corresponded well with the observed yield values.
Crop salt tolerance
To evaluate yield decrement as affected by the soil saturation extract, equation 4 Francois et al. (1986) . In an experiment conducted for wheat in an extremely dry region of Iran (the Yazd province), Ranjbar (2005) (Rhoades et al. 1992) .
Due to necessity of crop production in the study area, if better irrigation and drainage management apply to control soil salinity close to the salinity threshold value, the predicted yield will be higher which results in higher income for the farmers.
CONCLUSION
The results indicate that the SWAP model is able to predict yield with good degree of accuracy for all three crops of wheat, barley and maize. The study of 94 villages with dry climatic conditions showed that the values of salinity threshold and slope of the yield reductions is site specific and they should be determined for each area which has different climatic and soil conditions. Due to necessity of crop production in the study area, if better irrigation and drainage management apply to control soil salinity close to the salinity threshold value, the predicted yield will be higher which results in higher income for the farmers. It is important to recognize that the available salt tolerance data cannot provide accurate, quantitative crop yield losses for every situation, since actual response to salinity varies with other conditions of growth such as climatic and soil conditions, agronomic and irrigation management, crop variety, stage of growth, etc.
